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1.1 General Introduction  
Medicinal plants have always been part of man’s life on earth and there 
is a close relationship between plants and human beings. Man depends on 
plants for his existence and this relationship must be sustainable. Herbs have 
saved man’s life on innumerable occasions and for this reason their over-use 
concerns everyone
1
.   
Plants with medicinal properties “The gift of mother nature of mankind” 
are in use for centuries in the traditional system of medicine. Nearly 80% of the 
world population use traditional medicine, mainly medicinal plants, to cure 
illnesses and ailments
2
.  
The practice of traditional medicine is widespread in China, India, 
Japan, Pakistan, Sri Lanka and Thailand. In China about 40% of the total 
medicinal consumption is attributed to traditional tribal medicines. And in 
Japan, herbal medicinal preparations are more in demand than mainstream 
pharmaceutical products. In several developing countries, using local traditions 
and beliefs, is still the mainstay of health care. As defined by WHO, health is a 
state of complete physical, mental and social well being and not merely the 
absence of disease or infirmity
3
.  
Of the 2, 50,000 higher plant species on earth, more than 80,000 are of 
medicinal value. India is one of the countries among 12 biodiversity centers 
  
                                                                                                       
 
with the presence of over 45000 different plant species. India’s biodiversity is 
unmatched due to the presence of 16 different agro-climatic zones, 10 
vegetation zones, 25 biotic provinces and 426 biomes (habitats of specific 
species). There are about 400 families in the world of flowering plants among 
which 315 are represented in India. About 15000-20000 plants have good 
medicinal value. However, only 7000-7500 species are used for their medicinal 
values by traditional communities. In India, drugs of herbal origin have been 
used in traditional systems of medicines such as Unani and Ayurveda since 
ancient times. The Ayurveda system of medicine uses about 700 species, Unani 
700, Siddha 600, Amchi 600 and modern medicine around 30 species
4
.  
A traditional or folklore medicine practice based on the use of plants and 
plant extracts is known as Herbalism. Herbalists tend to use extracts from 
various parts of plants, such as the roots or leaves but not a particular 
phytochemical isolate. Pharmaceutical medicine prefers single ingredient on 
the basis of the fact that dosage can be more easily quantified
5
.  
Over the years, interest in natural products has acquired a cyclic 
phenomenon. In many countries, including India and China, thousands of tribal 
communities still use folklore medicinal plants for the cure of various diseases. 
The great interest in the use and importance of medicinal plants in many 
developing countries has led to intensified efforts on the documentation of 
ethno medical data of medicinal plants
6,7
.  
Pharmacological studies have acknowledged the value of medicinal 
plants as potential source of bioactive compounds
8
. Lead compound obtained 
from various medicinal plants form basis for drug discovery and drug design. 
Medicinal plants are rich source of novel drugs that forms the ingredients in 
traditional system of medicine, modern medicine, nutraceuticals, food 
supplements, folk medicine and lead compounds
9
. Since times immemorial, 
medicinal plants have been used in virtually all cultures as a source of 
medicine. The widespread use of herbal remedies and healthcare preparations, 
  
                                                                                                       
 
as those described in ancient texts, such as the Vedas and the Bible
 
and those 
obtained from commonly used traditional herbs and medicinal plants has been 
traced to the occurrence of natural products with medicinal properties.  
Biologically active compounds from natural sources have always been 
of great interest to scientists working on infectious diseases. Plant kingdom 
represents a vast emporium of untapped medicinal potential
 10
. Plants 
synthesize and preserve a variety of biochemical products, many of which are 
extractable and used as chemical feed stocks or as raw material for various 
scientific investigations. Many secondary metabolites of plants are 
commercially important and find use as pharmaceutical compounds.  
Such secondary metabolites are present in different parts of the plant 
like root, stem, bark, heartwood, leaf, flower, fruit or plant exudates and  these 
are separated by different processes; the most common being solvent 
extraction
11
.  
1.2 Active ingredients  
1.2.1 Flavonoids 
Flavonoid is the largest class of naturally-occurring polyphenolic 
compounds 
12
. This group of plant pigments is largely responsible for the color 
of many fruits and flowers. These are found in vegetables, grains, bark, roots, 
stems, flowers, tea and fruit. Numerous medicinal plants contain therapeutic 
amounts of flavonoids, which are used to treat disorders of the peripheral 
circulation
13
, to lower blood pressure
14
, to improve aquaresis and as anti-
inflammatory, anti-allergic agents and antispasmodic
15
. Rutin: a flavonoid 
found in buck wheat (Fagopyrum esculantum) and lemon (Citrus limon), 
strengthens capillary walls. 
Among the medicinal plants whose activity is related to flavonoid 
content are the Passion flower (Passiflora incarnate) with approximately 2% of 
flavonoids, Roman chamomile (Chamaemelum glabra), Aquilea (Achillea 
  
                                                                                                       
 
millefolium), Liquorice (Glycyrrhiza glabra), Gingko (Ginkgo biloba), the 
Marian thistle (Sylibum marianum) and the White thorn (Crataegus). 
1.2.2   Anthocyanins  
In the plant kingdom they are considered to be largest group of water-
soluble pigments. Anthocyanins are responsible for most of the red, blue and 
purple colors of fruits, vegetables, flowers and other plant tissues or products
16
.  
In recent years, various studies have proved that the anthocyanins display a 
wide range of biological activities including antioxidant, anti-inflammatory, 
antimicrobial and anti-cancer activities, improvement of vision and induction 
of apoptosis and neuroprotective effects. They are particularly abundant in 
berries, fruits with red, blue or purple color and in red wines
17
.  
1.2.3   Alkaloids  
These most active ingredient found in plants, having various medicinal 
properties. These have cancer fighting effects on the body and are toxic in high 
doses. Most plants contain some alkaloids. One of the most popular examples 
of an alkaloid is caffeine and is found in coffee, tea and cocoa. Another 
alkaloid is solanine, a toxin found in the nightshade family. Many alkaloids are 
used in medicine
18
 e.g. Vincristine is recommended for acute lymphocytic 
leukemia in childhood, advanced stages of cervical and breast cancer
19
.  
1.2.4   Coumarins   
Coumarins belong to a group of compounds known as the 
benzopyrones. These consist of a benzene ring joined to a pyrone. They are 
considered as phytoalexins and plants produce these as defense substances 
when wounded or attacked by other organisms. Pure coumarins occur in 
Aegopodium podagraria, Anethum graveolens, A. archangelica, Levisticum 
officinalis, P. crispum and Peucedanum palustre and R. graveolens. Coumarins 
have a variety of bioactivities including anticoagulant, estrogenic, dermal 
photosensitising, antimicrobial, vasodilator, molluscacidal, antithelmintic, 
  
                                                                                                       
 
sedative and hypnotic, analgesic and hypothermic activity
20,21
. Coumarin, 
found in extracts of the melilotus (Melilotus oficinalis) is used to treat 
venolymphatic insufficiency. Esculoside, found in Indian chestnuts (Aesculus 
hippocastanum) is both a tonic for the veins and a protector of the cell wall. 
 1.2.5   Saponins 
These are substances which produce foam in water solutions and are 
naturally tenso-active. These have haemolytic properties (disintegration of 
erythrocytes) and are highly toxic when injected into the blood. Their toxicity 
is less when taken orally. These are toxic to cold-blooded animals. These are 
triterpenoid and steroidal types. The former are found in the seed of the Indian 
chestnut, in liquorice (Glycyrrhiza glabra), the Asian centella (Centella 
asiatica) and in ginseng (Panax ginseng)
22
. 
1.2.6   Lignanes 
These are molecules whose structure is the union of two units of phenyl 
propane. These are common in the plant kingdom. Podophyllotoxin, for 
example, is found in the Podophylle rhizome (Podofilum peltatum) and is the 
fore-runner of two substances (etoposide and teniposide) used for anti-tumor 
therapy. Silimarin a protector of the liver is obtained from the marian thistle 
(Sylibum marianum) 
23
. 
1.2.7   Anthraquinones  
Anthraquinones (9, 10-dioxa anthracene) are the aromatic compounds 
and are derivatives of anthracene. These are important naturally occurring 
pigments and are widely distributed in nature. Anthraquinones and their 
precursors anthrones are natural products present in fungi, higher plants and 
lichens
24
. These compounds are famous for their laxative properties. Senna 
(cassia senna) and Chinese rhubarb (rheum palmatum) both of which are taken 
to relieve constipation, soften bowls and cause peristaltic action and easy bowel 
movement.  Anthraquinones of Morinda elliptica is the strongest antioxidant 
  
                                                                                                       
 
and antitumor agent. 
1.2.8   Tannins   
The term is widely applied to large polyphenolic compound containing 
sufficient hydroxyls and other suitable groups (such as carboxyls) to form 
strong complexes with proteins and other macromolecules. Tannins have 
astringent action and are bitter-tasting plant polyphenols that bind and 
precipitate proteins. The term tannin refers to the source of tannins used in 
tanning animal hides into leather. Tannins may be employed medicinally as 
antidiarrheal, hemostatic and antibacterial. Plant parts containing tannins 
include bark, wood, fruit, fruitpods, leaves, roots and plant galls. Examples of 
plant species used to obtain tannins for tanning purposes are Wattle (Acacia 
sp.), Oak (Quercus sp.), Eucalyptus (Eucalyptus sp.), Birch (Betula sp.), 
Willow (Salix caprea), Pine (Pinus sp.), Quebracho (Scinopsis balansae). The 
antimicrobial activities of tannins are well documented
25
.  
1.2.9   Aromatic water   
An aromatic water is water enriched with both the essential oil and 
water soluble volatile components of the plants. The water soluble volatile 
components are actually in solution and give the aromatic water additional 
properties not possessed by the aromatic water alone. These include substances 
like hydroxyl acids, carboxy acid and many others which modify and balance 
the action of pure oils. These water-soluble volatile constituents provide the 
aromatic water with more wholesome action, which is more like that of the 
whole plant when compared to the action of the pure oil e.g. Angelica root 
water useful for anxiety state , stress and nervous exhaustion. Other traditional 
uses include their use in cough, cold, branchial asthma. Marigold petal’s water 
possesses activity like astringent, anti-inflammatory, antimicrobial (active 
against fungal, amoebic, bacterial and viral infections including 'flu and herpes 
viruses), antispasmodic and also act as lymphatic stimulant. It regulates 
  
                                                                                                       
 
menstruation and has an estrogenic effect in relative oestrogen deficiency 
states
26
.  
1.2.10 Esentional oils  
Esentional oils are the volatile secondary plant metabolites which 
mainly consist of terpenoids and benzenoids. These oils exert a number of 
general pharmacological effects e.g. lavender (Lavendula angustifolia) oil 
possess antidepressant , antiseptic  properties and often  used to treat minor 
burns , cuts , inflammation , dermatitis . Jasmine (Jasminium officinale) oil is 
beneficial for skin reducing problems such as dry, irritated or sensitive skin, 
muscle spams. It induces relaxation. Some volatile oil contains sesquiterpenes, 
such as azulene found in chamomile (Chamomilla recutita). These constituents 
have an anti-inflammatory effect
27
.  
1.3   Plant derived drugs. 
These drugs are derived either from the whole plant or from different 
parts, like leaves, stem, bark, root, flower, seed, etc. Some drugs are prepared 
from excretory plant product such as gum, resins and latex. Even the allopathic 
system of medicine has adopted a number of plant-derived drugs which form 
an important segment of the modern pharmacopoeia. Some important chemical 
intermediates needed for manufacturing the modern drugs are also obtained 
from plants (e.g. diosgenin, solasodine). Not only, that plant-derived drug offer 
a stable market worldwide, but also plants continue to be an important source 
for new drugs.  
Medicinal plants play a vital role for the development of new drugs. 
During 1950-1970 approximately 100 plant based new drugs were introduced 
in the USA drug market including deserpidine, reseinnamine, reserpine, 
vinblastine and vincristine which were derived from higher plants. From 1971 
to 1990 new drugs such as ectoposide, E-guggulsterone, teniposide, nabilone, 
plaunotol, Z-guggulsterone, lectinan, artemisinin and ginkgolides appeared all 
over the world. 2% of drugs were introduced from 1991 to 1995 including 
  
                                                                                                       
 
paciltaxel, toptecan, gomishin, irinotecan etc. Plant based drugs provide 
outstanding contribution to modern therapeutics e.g. serpentine isolated from 
the root of Indian plant Rauwolfia serpentina in 1953, was a revolutionary 
event in the treatment of hypertension and lowering of blood pressure
28
.  
Phodophyllotoxin is a constituent of Phodophyllum emodi currently 
used against testicular, small cell lung cancer and lymphomas. Indian 
indigenous tree of Nothapodytes nimmoniana (Mappia foetida) is mostly used 
in Japan for the treatment of cervical cancer. Plant derived drugs are used to 
cure mental illness, skin diseases, tuberculosis, diabetes, jaundice, hypertension 
and cancer. Medicinal plants play an important role in the development of 
potent therapeutic agents. More than 64 plants have been found to possess 
significant antibacterial properties and more than 24 plants have been found to 
possess antidiabetic properties
29
. The toxicity of plants has been known for a 
long period of time and the history of these toxic plants side by side with 
medicinal ones are very old and popular worldwide 
30-32
. 
Throughout the world, allopathic drugs have brought a revolution but 
the plant based medicines have its own status. It has been estimated that in 
developed countries such as United States, plant based drugs constitute as 
much as 25% of the total drugs, while in fast developing countries such as 
China and India, the contribution is as much as 80%. Thus, the economic 
importance of medicinal plants is much more important for countries such as 
India than to rest of the world. These countries provide two third of the plants 
used in modern system of medicine.  
1.4   Tribal medicine for future investigation 
Tribal healers in most of the countries, where ethno medical treatment is 
frequently used to treat cut wounds, skin infection, swelling, ageing, mental 
illness, cancer, asthma,  diabetes, jaundice, scabies, eczema, venereal diseases, 
snakebite and gastric ulcer, provide instructions to local people as how to 
prepare medicine from herbal
33
. They keep no records and the information is 
  
                                                                                                       
 
mainly passed on verbally from generation to generation
34
.  World Health 
Organization (WHO) has shown great interest in documenting the use of 
medicinal plants used by tribals from different parts of the world 
35
. Many 
developing countries have intensified their efforts in documenting the 
ethnomedical data on medicinal plants. Research to find out scientific evidence 
for claims by tribal healers on Indian herbs has been intensified.  
Keeping in view the importance of medicinal plants, one of the enlisted 
medicinal plant namely Salix caprea was taken up by us for its phytochemical 
investigation and pharmacological evaluations. 
 
 
                                   Chapter- 2 
REVIEW OF LITERATURE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Salix caprea - Tree 
  
                                                                                                       
 
 
 
 
 
 
2.1 Plant profile 
Classification           
Kingdom                        Plantae                    - Plants 
Subkingdom                  Tracheobionts         -Vascular plants 
Superdivision                Spermatophyte          Seed plants 
Division                         Magnoliophta            Flowering plants 
Class                              Magnoliopsida           Dicotyledons 
Subclass                         Dilleniidae 
Order                             Salicates 
Family                           Salicaceae                  Willow family 
Genus                             Salix L.                      Willow 
Species                          Salix caprea L.           Goat willow 
Salix caprea (Goat willow) is common species of willow and is native to 
Europe western and Central Asia
36
. Salix caprea belonging to family 
Salicaceae is a deciduous tree growing 8-10m at a fast rate. This species of 
willow is indigenous, very common in woods, flowering in April. It is middling 
– sized tree with branches round, even, shining and the shoots pubescent. The 
leaves are alternate petiolate and varying in shape, being sometimes elliptical 
or smooth and dark green on the upper surface, about 3-12cm long and from 2-
Leaves Catkins 
Bark 
  
                                                                                                       
 
8cm wide, broader than most other willows. The flowers are soft, silky, 3-7cm 
long catkins.  
The plant is widely used in folk medicine for rheumatoid arthritis, 
malaria, various hemorrhages, gout, neuralgia and intestinal diseases as an 
antipyretic, analgesic, anti-inflammatory, antibacterial, hemostatic, sedative, 
and antihelminthic agent 
37, 38
. The distilled water from the flowers is aprodiasc, 
cordial and stumilant that is highly valued as a medicine and used externally in 
the treatment of headache and opthalmia
39
. The fresh bark of all the member of 
this genus contains salicin
40
, which probably decomposes into salicyclic acid 
(closely related to asprin) in the human body. This is used as an anodyne and 
febrifuge. The juice of the leaves has the properties of the plant such as 
astringent, expectorant, laxative: useful in fevers, tremors in the limbs, 
muscular pain, opthalmia, enlargement of the spleen. The ashes of wood are 
useful in the treatment of Haemoptysis. Gum and juices of trees are also used 
medicinally to increase visual powers
41
. 
The plant has a sharp bitter taste, cooling to the brain, useful in pain and 
inflammation of the liver. The fruit is useful in biliousness. In Unani medicine 
a distillate of flowers is also known as Araq-e-Bedmusk. Unani physicians 
prescribe it in nervousness and palpitation, also as a supporting medicine in 
psychological stress and cardiac affections 
42
.
 
2.2 Chemical constituents from different parts of Salix caprea. 
Constituents with medicinal properties are present in different parts of 
the plant like root, stem, bark, heartwood, leaf, flower, fruit and plant exudates. 
These medicinal constituents are separated by different processes; the most 
common being extraction. Extraction is the separation of the required 
constituents from plant materials using a solvent. 
2.2.1   Flowers.  
  
                                                                                                       
 
Diosmetin, Isorhamnetin and Glycosides has been isolated from the 
flowers
43
. Four flavonoid glycosides namely astragalins, quercimeritin, 
isorhamnetin-7-O-D-glucoside and isoquercitin
44,45
 has also been reported from 
flowers. 1, 4-Dimethoxybenzene a floral scent compound has been identified 
from the pollen
46
.  
2.2.2   Leaves 
Seven individual substances from the leaves of Salix caprea has been 
reported. These are Saligenia (2-O-β-D-glucopyranoside), saligenin, ± 
gallocatechin, Rutin (quercitin 3-rutinoside), Quercitin, cynaroside (luteolin 7- 
O-β-D-glucopyranoside), luteolin 47.  Another substance with Rf 0.48 by paper 
chromatography in the butan-1-ol-acetic acid-water (4:1:5) from the leaves has 
been isolated and was identified as luteolin 7-β-D-glucopyranoside 48.  
The presence of (+)- catechin, (+)-gallocatechin and leucocyanidin in 
the leaves has also been  demonstrated by  Jaggi and Haslam 1969
49
. A new 
flavone bioside-salicaprene, m.p 245 and characterized as chrysoeriol-7{2-α-
arabinofuranosyl1}- β-D-galatophyranoside has also been reported50. 
 Leaves also contain the flavonoid glycosides chryseoe-ryol-7-(2-alpha-
1-arabinofuranoside)-beta-D-glactopyranoside (salicaprene), chryseoryl-7-beta-
D-galactoside (salicapriine), anthocyanidins- delphidinin and piperidine imino 
acid-pipecolic acid.  
2.2.3 Wood    
The flavonoids dihydrokaempferide, naringenin, aromadendrin, 
taxifolin, prunin and (+)-catechin have been isolated from the wood of Salix 
caprea. Their inhibitory effect on some microorganisms has been reported
51
. 
 From phenolic extracts of stem wood and knots of Salix caprea, vanillic 
acid, 3-p-coumaryl alcohol, coniferyl alcohol, sinapylal-dehyde, 
dihydrokaempferol, catechin, naringenin, gallocatechin, dihydromyrcetin and 
  
                                                                                                       
 
taxifolin have been reported 
52
. Knots have been found to contain larger 
quantities of flavonoids than stem wood of the Salix caprea.  
 2.2.4 Stem bark 
It has been reported that phenol glycosides such as salicin and sali-
cortin, which are common in the bark of other Salix species, are either absent or 
present in only low concentration in Salix caprea bark. The glycoside reported 
is triandrin, aglycoside of 4-hydroxy cinnamyl alcohol 
53
. Salicyl alcohol and 
salicylaldehyde in lower concentration from the bark extracts of Salix caprea 
have also been isolated
54
 and phenolic glycosides fragilin, picein, salicin, 
salicortin, salireproside, triandrin and vamaline have been identified in bark of 
Salix caprea.  
2.3   Medicinal and pharmacological importance of Salix caprea  
Salix caprea has well known medicinal importance and exhibits 
antioxidant, antimicrobial, antitumor activities. Micro-organism and their 
relationship with chemical constituents of wood of Salix caprea has been 
reported. The inhibitory effect of Flavonoids: dihydrokaempferide, nargenin, 
aromadendrin, taxifolin, pruning and (+) catechin   on some microorganism 
have been found to be Significant. Ethanolic extract from the flowers of Salix 
caprea has been reported to possess significant antioxidant and 
hepatoprotective property
55
. The chemopreventive effect of Salix caprea 
against phorbol ester-induced oxidative stress and tumor promotion in murine 
skin has also been reported
56
.  
 
 
 
 
 
 
 
 
  
                                                                                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results and Discussion 
All the results generated from the present study are represented in the 
respective tables. The powdered flowers of Salix caprea were subjected to 
Preliminary physicochemical and phytochemical analyses which were found to 
be very promising. 
3.1 Preliminary physicochemical analysis. 
3.1.1 Determination of total Ash content, Acid insoluble matter and Water 
soluble matter 
The percentage of total ash, acid insoluble ash, and water soluble ash was 
evaluated .The total Ash value of plant material indicated the amount of 
minerals and earthy materials attached to the plant material. The analytical 
results showed that; total ash content was (10.43 %). Whereas amount of acid 
insoluble matter present in the plant was (2.704%) and percentage yield of water 
soluble matter comes out to be (3.240%). Results are as tabulated in the (Table 
1). 
 
Table 1 : The  percentage of total ash, acid insoluble ash and water 
soluble matter are as presented below. 
  
                                                                                                       
 
S.No Drug 
wt 
Ash content % of ash 
content 
% of water 
soluble 
matter 
% of acid 
insoluble 
matter 
1 2.0251 0.2114 10.43% 3.240
*
 - 
2 2.0283 0.2037 10.042 % - 2.704
*
 
The values are expressed as mean
*
 [n=3] 
 
 
3.1.2 Extraction   
The shade dried plant material subjected to sequential extraction in 
petroleum ether, ethyl acetate, methanol, hydro alcohol (water: ethanol) and 
water. Maximum yield was found in hydro-alcoholic extract (9.10%). Total 
extractive values are tabulated in (Table2; Fig 1). 
Table 2 : Extractive values of various extracts. 
S.No.                  Extracts            Extractive values (%) 
1 Petroleum ether 2.10 % 
2 Ethyl acetate 1.36 % 
3 Methanolic 8.92 % 
4 Hydro alcoholic 9.10 % 
5 Aqueous 8.30 % 
 
  
                                                                                                       
 
Fig.1. The relative extractive values of various extracts of Salix caprea 
flowers. 
 
 
 
 
                                  
 
 
 
          
PE→ Petroleum ether, EA→ Ethyl acetate, M→ Methanol, HA→ 
Hydroalcoholic, A→ Aqueous 
 
3.1.3 Phytochemical analyses of various extracts. 
Preliminary phytochemical results showed the presence of certain 
phytochemicals in the extracts. The tests were performed using standard 
procedures. The qualitative analysis of successive extracts of flower of  Salix 
caprea  have revealed the presence of terpenoids ,  alkaloids , flavonoids, 
glycosides, phenols, saponins, steroids, 7-keto- cholesteryl-acetate. However, 
tannins, starch, proteins, anthraquinones were found to be absent (Table 3).  
Table 3. Phytochemical screening of various extracts. 
S.No. Constituents Observation 
1 Terpenoids Present 
  
                                                                                                       
 
2 Flavonoids Present 
3 Steroids Present 
4 Saponins Present 
5 Anthraquinones Absent 
6 Tannins Absent 
7 Glycosides Present 
8 Starch Absent 
9 7-ketocholesteryl-acetate Present 
10 Proteins Absent 
11 Alkaloids Present 
 
 
3.2 Gas Liquid Chromatographic analysis of crude petroleum ether 
extract of Salix caprea flowers. 
  GLC of petroleum ether extract (600ug/ml) of Salix caprea gave the 
following phytochemical constituents along with their Retention time and 
Relative percentage. (Table 4; Fig. 2). 
Table 4:  GLC analysis of crude petroleum ether extract of Salix caprea 
flowers. 
S.NO R.T. AREA% HEIGHT% 
1 0.88 75.1768 51.5775 
  
                                                                                                       
 
2 1.26 0.2131 0.7202 
3 1.39 23.5091 45.6041 
4 1.71 1.0278 1.8947 
5 2.74 0.0555 0.0797 
6 15.70 0.0481 0.0643 
7 17.35 0.0899 0.1026 
8 19.61 0.0218 0.0000 
 
 
 
 
 
3.3  Gas Chromatographic-Mass Spectral analysis of Successive 
ethyl acetate extract of the flowers of Salix caprea. 
Successive ethyl acetate extract of flowers of Salix caprea was analysed 
by GC-MS. On comparison of the mass spectra of the constituents with the 
NIST library the sixteen phytoconstituents were characterized and identified: 
All of which were the first time report from the Salix caprea. The active 
principles with their Retention time (RT) and Concentration (%) are presented 
in (Table 5; Fig 3).    
Table 5: The list of detected compounds in the Successive ethyl acetate 
extract of Salix caprea. 
S.No. Compound  name R.T Area Amount/RF 
  
                                                                                                       
 
1 1,2-Cyclohexanediol 20.437 122381 18.658 
2 Glyceryl diacetate 20.845 20461 3.119 
3 .Glyceryl monoacetate 21.518 129776 19.785 
4 Cycloheptatriene 22.674 20028 3.053 
5 Resorcin  26.287 3284 0.501 
6 .2-Hydroxy cyclohexylacetate 26.674 33691 5.136 
7 2-Hydroxy cyclohexylacetate 27.111 63378 9.662 
8 2,3-Dihydro-benzofuran 27.463 10889 1.660 
9 Phenethly acetate 29.166 81391 12.408 
10 Dicycloxyamine 31.092 26833 4.091 
11 Cyclohexane,1,2-diacetoxy, 
trans 
32.488 15760 2.403 
12 Decycloxyamine  35.529 38800 5.915 
13 .para-Hydroxyacetaphenone 37.326 24646 3.757 
14 Hexacosane  39.817 32009 4.880 
15 3-(4methoxyphenyl)-
acetylacetone  
40.249 19463 2.967 
16 Palmitic acid, ethyl ester  58.326 13145 2.004 
3.4 Biological activities 
3.4.1 In vitro anti-inflammatory activity of various extracts of Salix 
caprea flowers by membrane stabilization method. 
Effect of extracts on HRBC membrane stabilization: 
Extracts were evaluated for anti-inflammatory activity by HRBC 
membrane stabilization method and it was found that the percentage protection 
for petroleum ether, ethyl acetate, methanol, hydroalcohol and aqueous extracts 
were 45.57, 61.10, 66.79, 60.49, 68.39% at 400μg/ml respectively and 
Diclofenac hold the percentage protection 77.39% at 200μg/ml. The 
hydroalcoholic, methanolic extracts showed highest percentage protection. 
Aqueous and ethyl acetate extracts showed intermediate while petroleum ether 
  
                                                                                                       
 
extract showed least percentage protection as compared to Diclofenac. Results 
are represented in table given below. Table 6; Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6: Stabilization or Protection of various extracts on HRBC 
Membrane. 
S.No       Samples Concentrations                 
(ug/ml) 
  
Activity (% Stabilization or 
Protection) Mean ± S.E.M 
[N=6] 
1 Standard 
Diclofenac 
100                                
200 
71.29
* 
±1.40
**
                                                         
77.62
* 
±2.40
**
 
2 Hydro alcoholic  
extract 
200                                             
400 
62.83
* 
±1.6
**
                                                                       
68.39
* 
±1.20
**
 
3 Methanolic  
extract 
200                                             
400 
62.09
* 
±3.3
**
                                                              
66.79
* 
±2.27
**
 
4 Aqueous  extract 200                                         
400 
59.41
* 
±1.77
**
                                                                  
60.49
* 
±1.8
**
 
5 Ethyl acetate  200                                                55.08
* 
±2.00
**
                                                                        
  
                                                                                                       
 
extract 400 61.10
* 
±3.28
**
 
6 Petroleum ether  
extract 
200                                       
400 
43.00
* 
±3.21
**
                                                              
45.57
* 
±1.85
**
 
  
  
The results were expressed as mean
*
 ± S.E.M
**
 [N=6].                                                      
Fig ; 4  Effect of various extracts on HRBC Membrane 
     
PE→Petroleum ether, EA→Ethylacetate, M→Methanol, HA→Hydroalcoholic, 
A→Aqueous, DS→Diclofenac sodium. 
3.4.2 Antioxidant activity of various extracts of Salix caprea flowers.         
Extracts were evaluated for anti-oxidant activity by free radical 
scavenging activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical 
method . The percentage scavenging activity of petroleum ether (PEE), ethyl 
acetate (EAE), methanol (ME), were 61.60%, 75%, 81.18% at 200 μg/ml 
respectively and Ascorbic acid (Aa) hold the percentage inhibition 80.42% at 
100μg/ml. Table 7 ;  Fig 5. 
Table 7. Antioxidant activity of various extracts of Salix caprea flowers 
S.No.      Samples Concentration Activity(% inhibition) ) 
1 PEE 100 
200 
51.35
*
 ± 1.02
**
 
60.60
*
 ± 2.3
**
 
  
                                                                                                       
 
2 EAE 100 
200 
65.43
* 
±1.67
**
 
72.35
* 
±1.21
**
 
3 ME 
 
100 
200 
74.54
* 
±0.63
**
 
80.18
*
 ±1.34
**
 
4 Aa 100 80.42
*
±1.45
**
 
The results were expressed as mean
*
 ± S.E.M
**
 [N=3]. 
Fig; 5    Effect of extracts on DPPH radical scavenging activity 
PEE→Petroleum ether, EAE→Ethylacetate, M→Methanol, Aa→Ascorbic acid. 
3.4.3 Antioxidant activity of various fractions from methanolic extract of 
Salix caprea. 
Among the different fractions of methanolic extract, fraction (f1) 
indicated the highest percentage inhibition (70.78%) with concentration 200 
μg/mL. The antioxidant activities of the other fractions were also significant. 
Results are shown in Table 8; Fig 6. 
Table 8:  Antioxidant activity of various fractions 
S.No. Samples Concentrations                 
(ug/ml) 
Activity (%) Mean ± 
S.E. M [N=6] 
  
                                                                                                       
 
1 Fraction(f1) 200 70
*  
± 1.40
**
 
2 fraction  (f2) 200 42.15
* 
± 2.40
**
 
3 Fraction  (f3) 200 52.94
* 
± 2.40
**
 
4 Fraction   (f4) 200 20.9
* 
±1.6
**
 
5 Fraction   (f5) 200 40.89
* 
±1.20
**
 
6 Fraction    (f6) 200 7.5
* 
±3.3
**
 
7 Fraction   (f7) 200 29.78
* 
±2.27
**
 
8 Fraction    (f8) 200 46.23
* 
±2.00
**
 
9 Fraction   (f9) 200 37.34
* 
±3.28
**
 
10 Standard (Ascorbic 
acid) 
100 78.28
*
±1.45
**
 
  
  
The results were expressed as mean
*
 ± S.E.M
** 
[N=6]. 
 
      
  
 
 
 
 
  
                                                                                                       
 
Fig 6. Effect of various fractions on DPPH radical scavenging activity. 
                  
 
 
 
 
3.5 GC-MS analysis of most active fraction “f1” of methanolic extract of 
Salix caprea flower. 
               Based upon GC-MS analysis of fraction f1  appeared to contain 
Decycloxyamine (3.44%) , Hexacosane (2.950%), Hexadecanoic acid methyl 
ester (12.704%) , Triacontane (6.444%) along with some unidentified 
constituents   all of which were the first time report from the Salix caprea 
Table 9;  
Table 9: Detected compounds in the fraction f1 of methanolic extract 
  
                                                                                                       
 
S. No R.T. Area % of 
total 
Compounds 
1 4.499 1.209e+6 60.572 Unidentified 
2 5.995 209623 10.504 Unidentified 
3 35.529 68731 3.444 Decycloxyamine 
4 39.811 58867 2.950 Hexacosane 
5 56.030 253536 12.704 Hexadecanoic acid methyl ester 
6 67.876 30713 1.539 Unidentified 
7 68.975 2642 0.132 Unidentified 
8 70.728 15345 0.769 Unidentified 
9 73.704 128598 6.444 Triacontane 
10 73.875 15090 0.756 Unidentified 
11 74.845 3732 0.187 Unidentified 
 
 
 
3.6 Profile of aromatic water from the flowers of Salix caprea. 
After hydro distillation about 80ml of aromatic water was collected and 
fractionated with hexane and petroleum ether separately and fractions obtained 
were monitored with TLC. 
3.6.1 Aromatic water from Unani Dawakhanna 
 Aromatic water was fractionated with hexane and petroleum ether.  
Each prepared fractions were analysed by GLC. 
  
                                                                                                       
 
3.6.2 GLC profile of various fractions from aromatic water prepared in 
Lab and aromatic water from Unani Dawakhanna 
GLC analysis of petroleum ether fraction of aromatic water obtained in 
the laboratory from Salix caprea shows the presence of 7 bioactive 
constituents. Table 10; Fig. 7. Whereas GLC profile of petroleum ether 
fraction of aromatic water from Unani Dawakhanna (UD) revealed the 
presence of five constituents. Table 11; Fig. 8. On the other hand GLC 
analysis of hexane fraction of prepared aromatic water from laboratory shows 
the presence of 4 bioactive constituents:  Table 12;  Fig. 9 and GLC profile of 
hexane fraction of aromatic water from UD revealed the presence of 7 
constituents : Table 13; Fig. 10. 
 
 
 
 
 
 
 
 
 
 
 
Table 10: GLC analysis of petroleum ether fraction of prepared Aromatic 
water (Lab). 
S. No. R.T. Area % Height % Peak width 
  
                                                                                                       
 
1 0.16 31.8810 24.6234 0.188 
2 0.46 17.9563 24.5973 0.093 
3 0.62 0.1974 0.5348 0.067 
4 0.88 32.6726 24.5755 0.191 
5 1.19 16.0573 24.5510 0.079 
6 1.34 0.2807 0.6775 0.060 
7 1.56 0.9398 0.4405 0.281 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11:  GLC analysis of petroleum ether fraction of aromatic water      
(Unani Dawakhanna). 
  
                                                                                                       
 
S.No. R.T. Area % Height % Peak width 
1 0.88 75.1768 51.5777 0.238 
2 1.26 0.2131 0.7202 0.052 
3 1.39 23.5091 45.6941 0.074 
4 1.71 1.0278 1.8947 0.087 
5 2.15 0.0739 0.1136 0.112 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12: GLC analysis of Hexane fraction of prepared aromatic water 
(Lab). 
  
                                                                                                       
 
S.No. R.T. Area % Height % Peak width 
1 0.22 0.0266 0.3958 0.060 
2 0.41 0.0958 0.1906 0.150 
3 0.80 97.9825 93.0395 0.265 
4 1.37 1.8951 6.3751 0.147 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13: GLC analysis of Hexane fraction of aromatic water (Unani 
Dawakhanna). 
  
                                                                                                       
 
S.No. R.T. Area % Height % Peak width 
1 0.28 0.6614 2.0811 0.071 
2 0.41 0.0000 1.1406 0.063 
3 0.77 0.0156 0.0542 0.060 
4 0.86 97.2195 92.0339 0.191 
5 1.34 1.0118 2.5137 0.150 
6 1.48 0.8101 1.8200 0.123 
7 1.87 0.2816 0.3566 0.142 
 
 
 
 
 
 
 
 
 
3.6.3 Gas Chromatographic-Mass spectral analysis of Hexane fraction of 
prepared aromatic water (Lab) from the flowers of Salix caprea. 
Qualitative and Quantitative analysis of hexane fraction of prepared 
aromatic water was performed by GC and GC-MS which enabled the 
identification of   nineteen chemical constituents. The list of the identified 
  
                                                                                                       
 
components with their Retention time (RT), Name and Concentration (%) are 
presented in Table 14; Fig. 11.  All of which were the first time report from 
the Salix caprea. 
Table 14: The list of detected compounds in the hexane fraction of  
aromatic water (Lab) from the flowers of Salix caprea. 
S. No. Compound        name R.T Amount/RF Area 
1 Pentyl furan 15.069 3.892 6198 
2 O-hydroxybenzaldehyde 17.654 0.565 900 
3 1-Dodecyne 19.7333 7.559 12039 
4 Rose oxide 19.995 0.372 592 
5 Cis-2-nonenal 21.949 0.545 869 
6 P-dimethoxybenzene 22.194 0.640 1019 
7 1,2,3-trichlorobenzene 22.873 0.625 996 
8 1-Pentedecyne 24.358 1.006 1602 
9 Menthyl acetate 24.358 1.705 2715 
10 Z)-2-Decenal 25.710 0.425 677 
11 2,4-Decadienal 26.915 1.388 2211 
12 Beta-damascenone 29.895 0.475 757 
13 2-butyl-octanol 32.067 24.057 38312 
14 2,5-Di-tert-butylphenol 33.807 1.929 3072 
15 Ethyl para-ethoxybenzoate 34.450 6.097 9711 
16 z)-7-hexadecanal 38.516 0.801 1276 
17 1-heptadecyne 39.737 0.914 1455 
18 Hexahydrofarnesylacetone 43.018 38.312 61015 
19 2.hexyl-1-octanol 53.515 8.692 13843 
 
3.6.4 Antioxidant activity of aromatic water. 
Aromatic water  were evaluated for anti-oxidant  activity by free radical 
scavenging activity  using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical 
method and we found that the percentage scavenging activity of prepared 
  
                                                                                                       
 
aromatic water (Lab) were 40.47%, 47.38% and 50.34% at 1ml ,2ml and 3ml  
respectively. whereas percentage scavenging activity of  aromatic water from 
the Unani Dawakhanna were 25.50% ,32.98% and 39.83% at 1ml , 2ml and 
3ml respectively. Table 15; Fig. 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 15 : Anti-oxidant  activity of prepared  Aromatic water (Lab). 
S. No. Conc. %activity 
1 1ml 40.47
*
±0.2
** 
  
                                                                                                       
 
2 2ml 47.38
*
±0.5
** 
3 3ml 50.34*±0.3
** 
 Anti-oxidant activity of aromatic water from Unani Dawakhanna. 
S.No. Conc. %activity 
1 1ml 25.50
*
±0.3
** 
2 2ml 32.98
*
±0.2
** 
3 3ml 39.83
*
±0.4
** 
The results were expressed as mean
*
 ± S.E.M
**
 [N=3]. 
Fig. 12: Relative effect of aromatic water on DPPH radical scavenging 
activity 
 
 
 
 
3.6.5 Anti-inflammatory potential of aromatic waters  
Aromatic waters were also evaluated for anti-inflammatory activity by 
HRBC membrane stabilization method. The percentage protection for prepared 
Concentration (ml) 
  
                                                                                                       
 
aromatic water (Lab) were 2.08, 8.93 and 24.29 at 1ml , 2ml and 3ml, 
respectively. whereas the percentage protection for aromatic water (Unani 
Dawakhanna) were 2.68 , 14.23 and 35.34 at 1ml , 2ml and 3ml, respectively 
(Table 16 ; Fig 13). 
Table 16 :   Effect of  aromatic waters on HRBC membrane 
S. No. Sample Conc. % protection 
1 Aromatic water  from Unani 
Dawakhanna 
1ml 2.68
*
±0.24
**
 
2ml 14.23
*
±1.22
**
 
3ml 35.34
*
±0.12
**
 
2 Laboratory Prepared Aromatic 
water  
1ml 2.08
*
±0.6
**
 
2ml 8.93
*
±1.8
**
 
3ml 24.29
*
±0.11
**
 
The results were expressed as mean
*
 ± S.E.M
**
[N=3]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Relative effect of aromatic water on HRBC membrane. 
  
                                                                                                       
 
 
UD                Unani Dawakhanna, Lab.                Laboratory prepared  
3.6.6 Antibacterial Activity of aromatic water 
The antibacterial activity of aromatic water was determine by agar 
diffusion method. No anti-bacterial activity was found upto highest 
concentration. 
 
 
 
 
 
 
 
 
 
 
3.7   Conclusion 
UD 
  
                                                                                                       
 
Preliminary physicochemical and phytochemical analyses were found to 
be very promising. The determination of ash value was carried out which gives 
an idea of the earthy matter or the inorganic composition and other impurities 
present along with the drug. Extractive values were also determined which are 
primarily useful for the determination of exhausted or adulterated drugs. The 
percentage yield w/w of the extracts was also analysed. Where in the highest 
yield was found to be in the hydro-ethanolic extract (9.10 %). The qualitative 
analysis of successive extracts of flower of  Salix caprea  have revealed the 
presence of terpenoids , alkaloids , flavonoids, glycosides, , phenols, saponins, 
steroids, 7-keto- cholesteryl-acetate. However, tannins, starch, proteins, 
anthraquinones were found to be absent. The curative properties of medicinal 
plants are perhaps due to the presence of various secondary metabolites such as 
alkaloids, flavonoids, glycosides, phenols, saponins, sterols etc.  Thus the 
preliminary screening tests may be useful in the detection of the bioactive 
principles and subsequently may lead to the drug discovery and development. 
Further, flavonoids are one of the most numerous and widespread groups of 
phenolic in plants exhibiting a range of biological and pharmacological effects 
such as antioxidant and anti-inflammatory. Thus in the current study, the anti-
inflammatory and antioxidant activities of various extracts and fractions eluted 
from methanolic extract were evaluated. Results were found to be very 
promising. Reported phytochemical investigations of Salix caprea have re-
vealed the presence of many potent anti-oxidants such as luteolin, 
dihydrokaempferol and quercitin as its principle constituents along with (+)-
catechin and isor-hamnetin as minor constituents
57
 that supports our finding. 
Further phenolic compounds with antioxidant activity are believed to 
account mainly for the antioxidant capacity of many plants
58-60
  
 
and from the 
present study, GC-MS analysis of ethyl acetate extract appeared to contain 16 
constitutents of which resorcin, dihydrobenzofuran, para-hydroxyacetaphenone 
  
                                                                                                       
 
and some acids are medicinally important constituents that might be 
responsible for above evaluated biological activites. 
In Unani medicine a distillate of flowers (Aromatic water) of Salix 
caprea is also known as Araq-e-Bedmusk. Unani physicians prescribe it in 
nervousness and palpitation, also as a supporting medicine in psychological 
stress and cardiac affections. Thus the present study was also aimed to 
investigate antioxidant and anti-inflammatory activities and the chemical 
composition of aromatic water (Araq-e-Bedmusk).  
Since oxidative stress inside the living organism is due to generation of 
active oxygen species. Free radicals have shown to be actively involved in the 
pathogenesis of age-related diseases such as
 
cancer and coronary heart disease 
and neurodegenerative disorders such as Alzheimer’s disease61. 
Inflammation is a complex localized response to foreign substances such 
as bacteria or in some instances to internally produced substances with fever 
usually presenting as one of its sequel
62
.  It has been suggested that many anti-
inflammatory drugs may exert some of their effects by scavenging oxidants and 
decreasing formation of reactive oxygen species (ROS) by activated 
phagocytes
63
. Thus the aim of present study was also to determine the 
antioxidant, anti-inflammatory, anti bacterial activities as well as chemical 
composition of aromatic water (Araq-e-Bedmusk) of Salix caprea flowers. The 
results were found very promising and the constituents of aromatic water 
identified by GC-MS might be responsible for evaluated biological activites. 
Further the presence of O-hydroxybenzaldehyde (0.565%), 1-Dodecyne. 
(7.559%), Rose oxide (0.372%), Cis-2-nonenal (0.545%), P-dimethoxybenzene  
(0.640%),  1-Pentedecyne (1.006%), Beta-damascenone.(0.475%), 2-butyl 
octanol (24.057%), 2,5-Di-tert-butylphenol (1.929%), Ethyl para-
ethoxybenzoate (6.095%). z)-7-hexadecanal (0.801%),1-heptadecyne 
(0.914%), Hexahydrofarnesylacetone (38.312%) , 2.hexyl-1-octanol (8.692%) ; 
and potent antioxidant activity of aromatic water justifies the Unani claim. The 
  
                                                                                                       
 
percentage of these constituents in the aromatic water plays an important part 
in determining its quality. The quality and price of aromatic water is based on 
the percentage content of a single chemical component, so separation and 
measurement of individual components is very important. It should be noted 
that all constituents identified by GC-MS are the first time report from the Salix 
caprea.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
                  Fig 2.  GLC/FID Chromatogram of crude petroleum ether extract. 
 
 
 
  
                                                                                                       
 
   Fig. 3.  GC-MS Chromatogram of  Successive ethyl acetate extract of Salix 
caprea flowers       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
Fig 7. GLC/FID Chromatogram of Pet. Ether fraction of Aromatic water (Lab) . 
 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
Fig 8. GLC/FID Chromatogram of petroleum ether fraction of Aromatic water 
(UD). 
 
 
 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
 
 
Fig 9. GLC/FID Chromatogram of Hexane fraction of aromatic water (Lab). 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
 
 
 
Fig 10. GLC/FID Chromatogram of Hexane fraction of aromatic water (UD). 
  
                                                                                                       
 
Fig. 11.  GC-MS Chromatogram of Hexane fraction of Aromatic water (Lab.) 
           
           
      
.    
            
 
 
 
 
 
 
 
 
 
 
 
  
                                                                                                       
 
Experimental  
4.1 Plant materials  
The Flowers of Salix caprea (Salicaceae) were collected from Naseem 
Bagh Area Regional Research Institute of the Unani Medicine Srinagar. The 
identity of the plant has been authenticated by SMPU, RRIUM Srinagar and 
the voucher specimen (1536) was deposited at the SMPU, RRIUM Srinagar. 
After shade drying the flowers were grinded to powder. 
4.2 Physicochemical parameters of plant material 
The physicochemical parameters such as ash content, extractive values 
and phytochemical analysis were also determined. 
4.2.1 Ash detection in the plant (%) 
Ash detection was based on the principle of “burning a certain amount 
of a specimen and converting it into ash”. 
 2 g of plant material was transferred to porcelain crucibles.  The tare of 
the porcelain crucible was weighed. Then crucibles were placed in an ash 
furnace at 550-600°C until the specimens turned into white powder. The weight 
of the specimens that were removed from the furnace was re-measured at room 
temperature to determine the ash content (%). The % age of total ash content 
was calculated with reference to the drug. 
% age of total ash   =   wt. of ash / wt. of drug × 100. 
 Acid insoluble ash determination. 
The ash was boiled for few min. with 5ml of 10% v/v hydrochloric acid. 
The insoluble matter was collected on an ashless filter paper (Whatmann’s 
filter paper), washed it with hot water, ignited and weighed.  % age of acid 
insoluble matter with reference to the drug was calculated. 
 
     
  
                                                                                                       
 
 Water soluble ash  
The Ash was boiled for few min.  with 25ml of distilled water, collected 
the insoluble matter on an ashless filter paper (Whatmann’s filter paper), 
washed with hot water,  ignited and weighed. The difference in wt. of insoluble 
matter and that of ash represents the water soluble ash. The %age of water 
soluble matter was calculated with reference to the drug.  
 
4.2.2 Extraction 
The powdered plant material was subjected to successive solvent 
extraction using solvents in increasing order of their polarity. Various solvents 
used were petroleum ether, ethyl acetate, methanol, hydro alcoholic mixture 
(ethanol: water, 1:1).   
 Petroleum ether extraction 
600g of the powdered material was extracted with petroleum ether (hot 
extraction) using Soxhlet apparatus at boiling temperature for about 9-10 hrs. 
The extract was collected and dried in oven.  
 Ethyl acetate extraction 
After defatting the plant material of Salix caprea with petroleum ether, 
the material was extracted with ethyl acetate (hot extraction) using Soxhlet 
apparatus at boiling temperature for 15-20 hrs. The extract was carefully 
filtered using Whatmann’s filter paper and concentrated in vacuum under 
reduced pressure using rotary evaporator and dried in oven at 40°C.  
 Methanol extraction 
Ethyl acetate extraction residue was dried completely and then extracted 
with methanol (hot extraction) using Soxhlet apparatus at boiling temperature 
for about 48 hrs. The extract was carefully filtered using a Whatman’s filter 
paper and finally concentrated in vacuum under reduced pressure using rotary 
  
                                                                                                       
 
evaporator. Concentrated extract was stored in labeled sterile bottle till further 
evaluation. 
 Hydro alcoholic extraction 
 Hydro alcoholic extraction was performed using ethanol: water, (1:1) 
mixture in Soxlet apparatus at boiling temperature for about 48-hrs. The extract 
obtained was reduced using vacuum distillation and dried in the oven at 30-40 
°C for 2-3 hours. Concentrated extract was stored in labeled sterile bottle till 
further evaluation.  
4.2.3 Phytochemical Screening 
         Phytochemical screening was performed using standard procedures.  
4.3 Preparation of Aromatic water by the method given by Unani 
formulations 
  l00g of fresh flowers of Salix caprea were extracted with 500 ml of 
distilled water in a Clevenger type apparatus by steam distillation. After 10 hrs 
80ml of hydro distillate i.e. aromatic water was collected and stored in a dark 
glass bottle, kept at 4°C. 
4.3.1 Fractionation of prepared Aromatic water 
The Aromatic water collected was re-extracted with hexane and 
petroleum ether separately and fractions obtained were monitored with TLC. 
Each fraction was analysed with gas liquid chromatography,  remaining portion 
of fractions were stored in dark bottles for further analysis. 
4.3.2 Fractionation of aromatic water from Unani Dawakhanna (UD) 
Aromatic water from UD was fractionated with hexane and petroleum. It 
was then analysed with GLC remaining portion of fractions were stored for 
further analysis. 
 
 
  
                                                                                                       
 
4.4 Isolation and identification of various constituents 
4.4.1 Thin layer chromatography (TLC) 
TLC experiments were performed on TLC pre‐coated silica gel (60‐120 
μm mesh size) plates using an appropriate solvent system. After spraying with 
spraying reagents chromatograms were observed and Rf values were calculated. 
TLC profile of various extracts and of various fractions of aromatic water were 
recorded. 
Table 17:  TLC of Various Extracts 
    Extracts   Solvent System  Spraying Reagents  No. of 
Spots 
Rf  Value 
Petroleum 
ether 
Pet ether: Ethyl acetate                        
(8:2) 
Ceric ammonium 
sulphate 
5 
0.17,0.21,0.24, 
0.30,0.38 
Ethyl acetate 
Chloroform (100%) 
 
Ceric ammonium 
sulphate 
4 
0.19,0.22,0.25, 
0.28 
Methanolic 
Chloroform : ethyl acetate                  
(9:1) 
Iodine 6 
0.23,0.26,0.29, 
0.30,0.34,0.35 
 
Table 18: Thin layer chromatography of prepared fractions of Aromatic 
water (Lab). 
Fractions Solvent System Spraying Reagents No. of 
spots 
Rf  value 
Hexane 
Toluene : ethyl acetate                        
7:3 
Vanillin in 
sulphuric acid 
5 
0.20.0.22.0.23, 
0.25,0.26 
Pet. Ether 
Pet. Ether : chloroform    
7.5:2.5 
Vanillin in 
sulphuric acid 
4 
0.16,0.21,0.23, 
0.25. 
 
 
 
  
                                                                                                       
 
 
4.4.2 Column chromatography 
Colum chromatography was used to further isolate some compounds of 
the mixture. 
Columns were packed with silica gel (60‐120μm mesh size) using a wet 
method. The fractions were fractionated by column chromatography using 
ethyl acetate: petroleum ether gradient (5%, 10%, 15%, 20%, 25%, 30%, 35%, 
40%, 45%, 50%, 55%, 60%, 70%, 80%, 90% and 100% ethyl acetate). It was 
followed by chloroform in ethyl acetate (5%, 10%, 20%, 50%, 90% and 100% 
chloroform). The fractions were collected, concentrated and then monitored 
with TLC. The fractions which showed the same profile of chromatograms 
were combined together. The combined fractions were placed on the air current 
to facilitate drying. These fractions were labeled as f1, f2, f3, f4, f5, f6, f7, f8 
sand f9.  All the resultant fractions were checked for antioxidant activity.  
4.4.3 Gas liquid chromatography/flame ionization detection (GLC/FID) 
The quantitative analysis was carried out by high‐resolution GLC using 
a Varian 3400 gas chromatograph equipped with flame ionization detector 
(FID) and OV‐1 column (30 m  0.25 mm  0.25μm) . The operating 
conditions were as follows: carrier gas was helium with a flow rate of 2 
ml/min, split ratio 1:20. The oven temperature was programmed with an initial 
temperature of 40 °C, 2 min isothermal, 300 °C, 4 °C/min, then 10 min 
isothermal. Injector and detector temperatures were set at 250 and 300 °C, 
respectively. Areas under peaks of chromatogram were used for calculation of 
abundance of each component. 
4.4.4 Gas chromatography/mass spectrometric (GC/MS) analysis 
GC/MS was carried out on a Varian GC-3800 capillary column VF-5 ms 
(60m  0.25m  film thickness 0.25m) coupled with 4000 series mass detector 
under the following condition : Samples (2μl) were injected with a split mode 
(split ratio, 1:50) with the carrier gas helium at a flow rate of 1ml/min. The 
  
                                                                                                       
 
capillary column was coupled to a quadruple mass spectrometer. The injector 
temperature was 250 ◦C. All mass spectra were recorded in the following 
conditions: electron energy, 70 eV; ion source, 250°C. Identification of 
components was done by comparision of mass spectra with those reported in 
NIST and WILEY electronic libraries and those published in literature.  
4.5 Biological activities 
4.5.1 In vitro Anti-inflammatory activity 
Human Red Blood Cell (HRBC) membrane stabilization method: 
The blood was collected from healthy human volunteer who had not 
taken any NSAIDS for 2 weeks prior to the experiment and mixed with equal 
volume of Alsever solution (2% dextrose, 0.8% sodium citrate,  0.5% citric 
acid and 0.42% NaCl) and centrifuged at 3,000 rpm. The packed cells were 
washed with isosaline and a 10% suspension was made. Various concentrations 
of extracts were prepared (200 and 400μg/ml) using distilled water and to each 
concentration 1 ml of phosphate buffer, 2 ml hyposaline and 0.5 ml of HRBC 
suspension were added. Similarly in various concentrations of aromatic waters 
(1ml, 2ml and 3ml) added 1 ml of phosphate buffer, 2 ml hyposaline and 0.5 ml 
of HRBC suspension .These were incubated at 37
0
C for 30 min and centrifuged 
at 3,000 rpm for 20 min. and the hemoglobin content of the supernatant 
solution was estimated spectrophotometrically at 560 nm. Diclofenac (100 and 
200μg/ml) was used as reference standard and a control was prepared by 
omitting the extracts.  The percentage of HRBC membrane stabilization or 
protection was calculated by using the following 
 Formula,  
 
 
 
  
                                                                                                       
 
Statistical Analysis 
All observations were presented as Mean ± SEM. The data was analyzed 
by student’s t-test or One-way ANOVA followed by Dunnet’s test. *p< 0.05, 
**p< 0.01, ***p< 0.001 was considered as significant. 
4.5.2 Determination of antioxidant activity 
The free radical scavenging activity of the various fractions of 
methanolic extract was measured in terms of hydrogen donating or radical- 
scavenging ability using the stable radical DPPH. 0.1 mM solution of DPPH in 
Methanol was prepared and 1.0 ml of this solution was added to 1.0 ml of 
extract solution in water at different concentrations (200-400μg/ml) and also 
1ml of DPPH solution was added in various concentration (1ml , 2ml , 3ml) of 
Aromatic waters .Thirty minutes later, the absorbance was measured at 517 nm. 
Ascorbic acid was used as the reference compound. Lower absorbance of the 
reaction mixture indicated higher free radical scavenging activity. Radical 
scavenging activity was expressed as the inhibition percentage of free radical 
by the sample and was calculated using the following formula: 
 
Where A0 was the absorbance of the control (blank, without extract) and 
At was the absorbance in the presence of the extract. All the tests were 
performed in triplicate and the graph was plotted with the mean values. 
4.5.3 Evaluation of antibacterial activity of aromatic water 
Agar –Diffusion Assay was employed for Determination of antibacterial 
activity.       
The bacterial strains used for the analysis were Bacillus subtilis (MTCC 
619), Staphylococcus epidermidis (MTCC), Proteus vulgaris (MTCC 426) and 
Pseudomonas auriginosa (MTCC 424). Kenamycin was used as standard 
antibacterial substance. Dimethyl sulphoxide (DMSO) was used as negative 
control. 
  
                                                                                                       
 
The test organism were cultured on agar slants, incubated 24h at 
37±0.5
o
C for bacteria to get freshly prepared cultures. The aromatic water was 
evaluated for antimicrobial activity against these freshly prepared strains of test 
organism by agar diffusion method . Muller Hinton Agar (MHA) was used as 
nutrient medium for bacterial strains. The medium (MHA) was prepared using 
distilled water and 20ml of it was transferred into 50ml test tubes , the test 
tubes are tightly plugged with cotton and sterilized in autoclave at 151b/in2 for 
50 minutes as directed by the manufacturer. After sterilization the medium was 
inoculated with freshly cultured bacterial strains under sterile condition i.e. in 
Laminar Flow. The inoculation was done when the temperature of the medium 
reached to 50-40
o
C, so that test organisms may not die at higher temperature. 
The medium inoculated with test microorganism was transferred into plates of 
90mm size under sterile conditions. The medium was allowed to solidify and 
wells (4/plate) of 6mm diameter and 50ul volume were bored on it using sterile 
cork borer. Then the wells bored on medium were filled (20ul) with prepared 
aromatic water using micropipette (20-200ul). The disc of kenamycin was also 
incorporated into the medium for comparison (10-30mg/ml). The test organism 
and test material in contact were incubated at 37±0.5
o
C for 24 hrs. Inhibition of 
growth of test organisms (bacterial) in the presence of test material and 
standard was measured with the help of standard scale.                                        
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